ABSTRACT A clonal hamster beta cell line (HIT) was established by simian virus 40 transformation of Syrian hamster pancreatic islet cells. Cytoplasmic insulin was detected in all cells by indirect fluorescent antibody staining, and membrane-bound secretory granules were observed ultrastructurally. Acidified-ethanol extracts of HIT cell cultures contained hamster insulin as determined by radioimmunoassay, radioreceptor assay, and bioassay. One subclone at passage 39 contained 2.6 ,ug of insulin per mg of cell protein.
concentration (7.5 mM) was 2.4 milliunits per 10 cells per hr. Somatostatin and dexamethasone markedly inhibited HIT insulin secretion. The HIT cell line represents a unique in vitro system for studying beta cell metabolism and insulin biosynthesis.
Much of the current understanding of insulin biosynthesis and beta cell metabolism has been derived from in vitro studies utilizing isolated islets, either intact or dissociated in monolayer culture. Such studies have been limited by (i) the difficulty of preparing even small quantities of islets, (ii) cellular and hormonal heterogeneity within islets, and (iii) rapid loss of insulin production in vitro. The recent availability of a highly differentiated rat insulinoma tumor line (1) has provided experimental material for biochemical studies including purification and characterization ofpreproinsulin mRNA (2) and cloning and sequence analysis ofcDNA (3) . Further in vitro studies would be facilitated by the availability of permanent cell lines possessing functions characteristic of differentiated beta cells. Attempts to establish stable insulin-producing cell lines from primary islet monolayer cultures (4) (5) (6) , insulinomas (7, 8) , and hybrids ofislet cells and continuous cell lines (9) have met with only limited success. Simian virus 40 (SV40) transformation of rat islets has yielded continuous cell lines that produced a 30,000-dalton protein antigenically related to insulin (10) . Rae et al. (11) have recently derived continuous cell lines from the poorly differentiated Kirkman hamster insulinoma which did not make insulin in vitro but resumed insulin synthesis in vivo.
In this communication we describe a continuous beta cell line, established from SV40-transformed Syrian hamster islet cells, that produces substantial quantities of insulin and proinsulin in vitro. Preliminary studies characterizing the insulin product and comparing stimulus-secretion coupling between this transformed hamster beta cell line (HIT) and primary islet cultures are also described.
MATERIALS AND METHODS Isolation of Pancreatic Islets. Pancreata were dissociated by the collagenase-digestion technique of Lacy and Kostianovsky (12) . DNase I (Worthington; code DP, 23 units/ml) was added to the collagenase solution just before use. Islets from 30-100 hamsters were isolated by equilibrium sedimentation in metrizamide gradients (Accurate Chemical and Scientific, Hicksville, NY). The rinsed, 30-hamster digest was resuspended in 200 ml of 20% (wt/vol) metrizamide [prepared in medium 199 (without phenol red)/15 mM Hepes, pH 7.2/0.25% human serum albumin] at room temperature by brief, vigorous mixing. Of this suspension, 100 ml was carefully layered under a discontinuous gradient consisting of three sharply layered fractions: 5 ml of Hanks' balanced salt solution (HBSS) containing 0.02% bovine serum albumin, 20 ml of 15% metrizamide, and 20 ml of 18% metrizamide. Gradients were poured in specially fabricated glass tubes, 16.8 cm long with an internal diameter of 3.4 cm. The ratio of length to diameter is important for optimal separation. The finely divided tissue fragments were allowed to migrate at unit gravity for 15 min before being sedimented to equilibrium density at 300 x g for 20 min in a swinging-bucket rotor.
Acceleration and deceleration were performed slowly over approximately [3] [4] [5] min to reduce interface distortion and mixing. Islets were collected from the lower third of the 15% layer and from the upper two-thirds of the 18% layer. This fraction was diluted with 10 vol of HBSS/albumin and centrifuged at 600 X g for 5 min. The pellet was resuspended in 5 ml of 12% metrizamide, layered over a 40-ml linear gradient of 12-20% metrizamide, and finally overlaid with 1-2 ml of HBSS/albumin. These gradient tubes were 13 cm long with an internal diameter of 2.2 cm. Equilibrium sedimentation was performed as described. Islets were collected from a broad band in the lower third of the gradient (average density, 1.095 g/ml). This fraction was diluted with HBSS/albumin, centrifuged, and resuspended in 10 Light and Electron Microscopy. When cultured on a solid surface, HIT cells assumed an epithelioid appearance, tending to self-associate and form large multilayered, islet-like structures rather than a complete monolayer (Fig. 1) . Similar morphological appearance and self-association were observed in primary monolayer cultures of hamster islet cells.
Ultrastructurally, HIT-T15 cells have modest numbers of membrane-bound secretory granules, many with the dense inner core and large electron-lucent halo characteristic of mature beta secretory granules in normal hamster beta cells ( Fig. 2 ) (19, 20) .
Insulin was localized in HIT cells by IFA staining. Intense cytoplasmic fluorescence was seen in virtually every cell (Fig.  3) . Preimmune serum gave a weak background reaction. Specific staining was reduced to background levels by preincubating antiserum with insulin.
Insulin Extraction and Assay. Four HIT clones were expanded to >108 cells and extracted with acidified ethanol. Insulin content was similar for three of the clones (5B5, 1B2, and 4C2), ranging from 0.03% to 0.045% of the total cell protein [based on radioimmunoassay (RIA) determinations (21), Table  1 ]. For clone T15, insulin content was 0.26% of the total cell protein (0.3 pg per cell)-nearly 10-fold greater than the content in the other clones. Radioreceptor assay (22) the rabbit hypoglycemia test (24) . The extract caused a blood glucose-lowering effect that was identical to that of the pork insulin standard with respect to both extent and duration of action and was quantitatively consistent with RIA and radioreceptor assays of the extract.
Gel Electrophoresis of Secretion Products.
[3H]Leucine-labeled proteins secreted by HIT and hamster islet cell cultures were precipitated from culture medium with preformed double antibody complexes and separated on NaDodSO4polyacryl-amide gels. Both.HIT cells and hamster islets secreted proteins that were bound by anti-insulin antibody and comigrated with porcine insulin and proinsulin (Fig. 4) . The specificity of antibody binding was confirmed by adding excess unlabeled porcine insulin during formation of the-antibody complexes, preventing binding of labeled antigen (lanes marked "+" in Fig.  4 ). These data show that the insulin-like activity described earlier in HIT cell extracts was secreted into culture medium and corresponded to proteins having electrophoretic mobilities and antigenic determinants characteristic of insulin and proinsulin.
Response to Secretagogues and Inhibitors. Glucose-stimulated insulin release was measured in HIT cells and in 4-day hamster islet monolayer cultures ( Fig. 5 ; Table 2 ). Islet insulin release was stimulated maximally (6.8-fold) by 7.5 mM glucose ( Table 2 ). Higher glucose (>12.5 mM) depressed this maximal response by -40%. Similarly, HIT cell insulin release was maximally stimulated (2-fold) by 7.5-10 mM glucose, and concentrations above 12.5 mM tended to depress maximal response. Basal or unstimulated insulin-release rate for islets was 14-fold greater than for HIT cells, whereas the stimulated rate was nearly 5-fold greater (Table 2) .
HIT cells responded to other insulin secretagogues as well.
Glucagon, over a 100-fold concentration range (0.14-13.7 ,uM), stimulated insulin release by 35-50% (Fig. 6) . Similarly, release was stimulated more than. 2-fold by the phosphodiesterase inhibitor 3-isobutyl-1-methylxanthine (IBMX) at 1 mM (Fig. 6). A B (Fig. 6 ).
Although no immediate (6 hr) effects were seen, release was significantly inhibitedby 48 and 96 hr. These observations are consistent with the different mechanisms by which SR-IF and Dex are thought to inhibit release from islets (26, 27 Although these changes have presented certain problems, especially in comparing experimental results over extended periods, the insulin-release rate at any given passage level can be HIT-T15 cells contained membrane-bound secretory granules, which appeared identical to secretory granules in normal hamster beta cells (19, 20 (27) . Glucocorticoids, at 0.01-1 ,uM can stimulate or inhibit specific gene functions, depending on the cell and gene locus being examined (31, 32) . In rat islet monolayer cultures, both cell division and insulin release were inhibited by 25 ,tM Dex (26) . HIT 
